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Abstract

Coastal habitats such as salt marshes are flooded by the sea regularly. These land-water interactions have an effect on sedimentation, horizontal and vertical accretion, other geomorphologic features, and plant growth. Concerning the predicted sea-level rise, the question is: How will sea-level rise affect coastal habitats such as salt marshes in the long term? This subject has been studied worldwide and resulted in several models that are able to predict different aspects of the salt-marsh reaction to a rising sea level. The overall prediction is that salt marshes will be able to compensate for the general sea-level rise if they get enough inorganic sediment and/or organic matter supplied. Models from the US generally consider organic matter as an important factor, whereas the Northwest European models do not take this factor into account so much. 
When sediment accretion stops, the marsh is unable to grow and perhaps this will lead to a loss of salt-marsh area. This can be concluded from sea-edge erosion or cliff formation, and changes in the vegetation. 

For future management strategies the main goal is to prevent additional stress that can reduce the ability of wetlands to respond to climate change. The goal in Natura 2000, the general guideline for Dutch nature areas, is “maintain surface and improve quality” for the salt marshes in the Netherlands. 
Most salt marshes in the Netherlands can be found in the Wadden Sea and in the Delta area in Zealand. Differences lie mostly in the type of marsh soil.
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1. Introduction
Salt marshes are vegetated areas of land which are regularly flooded by the sea (Allen, 2000). Together with high tidal flats and other low level marshes they make a great contribution to the environments of coastal zones as they protect the lowlands from marine floods. The vegetation growing on salt marshes damps storm waves and slows down flows pushing inland (Allen, 2000). Even though salt-marsh plants are helpful during floods, they cannot grow where waves are strong. They flourish along low wave energy coasts. Salt marshes also occur in estuaries, where freshwater from the land mixes with sea water. The various habitats of tidal marshes provide different quantities of ecosystem services (Craft et al., 2008).
Changes in salt-marsh ecosystems result from a complex interaction of changes in geomorphology, flooding regime, water sediment loads, soil characteristics, vegetation type and herbivory, and this may produce many feedback loops as well (Ollf, 1997).
Because of the rising sea level, the flooding regime will change and this will have great effect on the survival and appearance of the salt marshes. The many factors that play a role in the relation between coastal areas and sea level have led to the following question: How will sea-level rise affect coastal habitats such as salt marshes in the long term? By comparing models, a prediction can be made for the future of the salt marshes. Not on a global scale, but on a local scale. My main focus is on the salt marshes in the Netherlands, which also differ from each other.
The aim of this paper is to give a clearer overview of complex land-water interactions, what concrete impact they might have and how we should respond to this in the near future. It is best the react sooner than later if these long term effects appear to be disastrous. 

1.1 Inundation, sedimentation and accretion
During high tide inundation, sedimentation takes place. The incoming water is loaded with sediment which settles on top of the overgrown salt marsh, this causes vertical and/or horizontal accretion of the marsh. During inundation there is also the possibility of erosion of the marsh. This mainly happens on the barren marsh and in the creeks (Temmerman, 2006).
Global climate change is recognized as a threat to species survival and the health of natural systems. Wetland systems, such as salt marshes, are vulnerable to changes in quantity and quality of their water supply, and it is expected that climate change will have a pronounced effect on wetlands through alterations in hydrological regimes with great global variability. Climate change can affect salt marshes in a number of ways, including through sea-level rise, particularly when sea-walls prevent marsh vegetation from moving upward and inland (Erwin, 2009). A higher sea level will have an effect on inundation frequency, -time span and –height on the salt marsh. The different zonations and frequency of inundation are shown in figure 1. These effects are being studied worldwide and are important for the future of salt-marsh areas.
The best conditions for the formation of salt marshes are on a gently sloping shoreline with little wave energy and sufficient sediment supply (Dijkema in Bakker et al., 1993). Also surface elevation, tidal amplitude and drainage must be sufficient to allow periods of soil aeration, which is necessary for plant growth. Generally, there is a negative relationship between the above-ground production of salt-marsh plant communities and their frequency of inundation (Bakker et al., 1993).  But inundation is also a crucial factor for the survival of the marsh, because it brings new sediment upon the salt marsh. This complex network includes many different factors and is very area-specific, but to understand the whole is important to make predictions for the future of the salt marsh.
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Figure 1. Stylized zonation of intertidal salt marshes in relation to duration and frequency of tidal flooding. After Erchinger (1985) for the Wadden Sea (Eisma, 1998).
1.2 Inorganic versus organic sediment

Most of the research work on salt marshes is done in Northwest Europe and North America. The west European salt marshes occur along macro- or mesotidal coasts and the upper layers of the marsh sediment tend to be well-aerated, whereas the marshes along the US coast occur along coasts that are microtidal or low mesotidal. This means that at coasts with low wave energy, where conditions are favorable for the formation of a high groundwater table in the marshes, development of anaerobic conditions near the sediment surface takes place and root systems and other plant material are preserved. So in North America, the salt marshes typically have more organic sediment than salt marshes in Europe (Eisma, 1998). 
1.3 Ecosystem services of salt marshes
Positioned at the border between land and sea, tidal marshes are uniquely suited to provide ecosystem services linked with waste treatment (nitrogen accumulation in soil, potential denitrification), biological productivity (macrophyte biomass), and disturbance regulation (slowing down land inward flows) (Craft, 2008). These services are lost after human embankments.
Geochemical cycles in salt marshes are open systems due to import and export of large amounts of organic material and nutrients (Bakker et al., 1993). Nitrogen is an important factor in the functioning of salt marshes. In order to function properly and carry out any ecosystem services, nitrogen is necessary. It controls processes like the productivity of primary and secondary producers and of the decomposition rate of organic material (Teal in Bakker et al., 1993). An example of an ecosystem service analysis for predicted sea-level rise is shown in table 2.
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between 1999 and 2100 in response to a 52-cm and 82-cm increase in sea level

Habitat change Macrophyte biomass N sequestration in soil Potential denitrfication
(km) (ty) (ty)

52em 82cm 52an 82am 52cm  82am 52cm 82cm
Tidal fresh marsh +1 -3 +1400 44800 48 262 +7 211
Brackish marsh +41 -4 +70 200 6800 +307 -30 +184 -18
Salt marsh 226 49 225100 494 000 S92 -l 384 -843
Cumuhtive (km?) —Ig4 532 —I53500 545600 227 -1480 193 1072
Cumuhtive (%) 1% -33% -8% -28% 4% 3% 4% -25%

Notes: Change in delivery of ecosystem services was calculated by multiplying the change in habitat area by the mean ecosystem service values for each marsh type in Figure
1. Negative values denote a reduction in marsh area and delivery of ecosystem services.





Table 2. Predicted change in tidal marsh area and delivery of ecosystem services for three different types of marshes along the Georgia coast in the US (Craft, 2008). 
Salt marshes also provide a rich wild-life habitat and supply nutrients to coastal waters. Humans have first exploited their rich natural resources, but later enclosed them behind engineered embankments to create permanently settled agricultural landscapes (Allen, 2000). Salt-marsh areas are worthwhile conserving because their ecosystem services are vital for coastal areas.  

In the Netherlands, a guideline was created to protect nature areas. This guideline is called Natura 2000. Salt marshes have been recognized as unique parts of the Dutch coast, that need protection.

1.4  Sea-level rise

Sea-level rise has been designated as a threat to salt-marsh areas. Sea-level rise has two components: There is the eustatic sea-level rise, a global change in the sea level due to water mass added to the oceans because of melting of ice sheets. And there is the local tectonic subsidence which can be influenced by different factors like gas extractions (Bakker et al., 1993). The global average sea level is predicted to increase by 18 to 59 centimeters by 2100, based on the Intergovernmental Panel on Climate Change (IPCC, 2007).
In some coastal areas, rising sea level may result in tidal marsh submergence (Moorhead and Brinson in FitzGerald et al., 2008) and habitat migration, as salt marshes move landward and replace tidal freshwater and brackish marshes. Declining tidal marsh area and habitat conversion may lead to changes in delivery of ecosystem services provided by these wetlands (FitzGerald, 2008). 
In addition to submergence of low-lying coastal areas, rising sea level increases the vulnerability of coastal regions to flooding caused by storm surges, tsunamis, and extreme astronomic tides. As sea level rises, storms of a given magnitude reach higher elevations and produce more extensive areas of inundation. Thus, many of the impacts of accelerating sea-level rise can be generalized as worsening widespread existing conditions. For example, flooding lowlands, beach erosion, salt-water intrusion, and wetland loss are all processes that have been ongoing along coasts for centuries and have been widely recognized for many years (Bird and Leatherman in FitzGerald et al., 2008). But salt marshes may also store contaminants and pollutants, which can later be released back into the water column during periods of coastal erosion (Allen, 2000).
However, a rise in sea level does not always have a negative effect on a salt marsh. As sea level rises and the earlier sediment deposits compact, salt marshes restore fine sediment along the open coast and on the margins of tidal embayments and estuaries (Allen, 2000). So this means that the fresh sediment layer will allow the salt marsh to elevate/accrete and will bring new nutrients which gives a boost to vegetation growth. See figure 2 for an example of sedimentation in cm per year on marshes, pioneer zones and intertidal mud flats on the mainland of the Netherlands.
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Figure 2. Sedimentation relative to mean high tide-rise (MHT-rise) in mainland salt marshes and mud flats in the Netherlands Wadden Sea for the period after the construction of sedimentation fields (Dijkema et al., 1990).

2. Modeling the future of tidal marshes
Many different models have been developed to simulate the future of wetlands such as salt marshes. These models can help to determine future management strategies and to see how climate change will actually affect the surface of coastal habitats. Most models aim to identify and simulate the main processes of marsh elevation in response to changing sea level. 
Most of the research work on salt marshes is done in Northwest Europe and North America. In North America, the salt marshes are typically microtidal or mesotidal and much more organic-rich (Eisma, 1998). This is a difference which has to be taken into account when comparing these models.
Accretion rate, surface elevation and shrinkage of clay layer
Van Wijnen and Bakker (v. Wijnen & Bakker, 2000) created a model to predict the response of marshes to future sea-level rise. They took measurements of accretion rates and surface elevation changes in three natural salt marshes in the Wadden Sea. The model describes changes in surface elevation over long periods of time at several sea-level rise scenarios (no sea-level rise (SLR), 0.6 mm/yr SLR, 1.2 mm/yr SLR) by using a few parameters. E= surface elevation, A = Accretion rate and S = Shrinkage of the clay layer during summer, which leads to the following model: Et+1=Et+A+S (Figure 3).
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Figure 3. Diagram that shows the relationship between accretion, surface elevation change and subsidence in a young and old salt marsh. The solid lines represent the marsh surface at T0 and after a time period (T1) (after Cahoon et al. in v. Wijnen & Bakker, 2000).
For all three scenarios the model predicted a fast increase in marsh surface elevation and a decreasing inundation frequency during the first 100 years of marsh development. Without sea-level rise, the model predicts that marsh surface elevation will remain constant after 100 years and the inundation frequency levels off. With a continuous rise in sea level, however, inundation frequency starts to increase after 100 years, even if the sea-level rise is less than 5 mm/yr. Shrinkage of the clay layer during summer will also cause an elevation deficit in older marshes, which means that these marshes will probably degenerate in the long run (>500 year)(Figure 4).
[image: image6.png]Inundation frequency (floodings yr ')

T T T T T
g g g
i i i
] ] ]
7 7 7
[ R N T S B T )

(LHIU+ ) 2o03ms yseew go Sioy

200 800

100




Figure 4. Predicted marsh surface elevation change (thick line) and inundation frequency (thin line) during 500 years of salt-marsh development for three sea-level rise scenarios (0, 0·6 and 1·2 mm yr_1) on a low marsh elevation.

The model has a very high similarity between prediction and field data, which makes it more plausible. Both short-term and long-term elevation measurements supported the prediction of the model. It is actually an improvement of a model created by Pethick in 1987 because of the addition of three extra factors. It is also applied to three different scenarios which makes its predictions applicable in different locations.
The mean high tide level has increased at a rate of 0.6 mm/yr (Ollf et al., 1997), but this rate will probably be much higher in the future due to gas extraction in the Wadden Sea. This has to be taken into account when using the model in the future (v. Wijnen & Bakker, 2000).
Delft3D

This model is able to predict the flow paths and sedimentation/accretion patterns on salt marshes on the basis of physical laws of the movement of water through a particular vegetation structure and on a particular relief.
The model predicts that more accretion takes place in vegetation patches than between the patches or that erosion will even take place between patches. This will eventually lead to creeks throughout the marshes and most accretion will take place right next to the creeks.

When there is no vegetation present, the creeks will fill up with (inorganic) sediment and there will barely be any formation of levees and basins along the shoreline. 

This model takes vegetation density into account which probably has a large influence on the formation and sedimentation of salt marshes but the model applies on short term changes and does not take sea-level rise into account. Also other processes in the estuary that can cause the mean high tide level to shift are not included in the model (Temmerman, 2006).
MARSED

This model created by Temmerman et al., simulates the varying rates of long-term tidal marsh accumulation within an estuary. They claim that estuarine marshes accumulation depends on the age of the marsh, estuarine variations in mean high water-level (MHWL) rise and on variations in suspended sediment concentrations (SSCs). 
The model assumes that for any given inundation height, the incoming (inorganic) sediment concentration on the marsh is proportional to the average sediment concentration in the stream channel.
The predictions for the marshes in the Scheldt estuary is that they will be able to keep up with the MHWL in the future, even if the MHWL is 1.5 times faster than the current rising rate, but only when the sedimentation concentrations aren’t lower than 0.5 times of the current sediment concentration (figure 5).
This model is applicable on marsh sites around the world, experiencing a wide range of inorganic sedimentation rates, MHWL rise rates and incoming SSC rates. It is not only capable of simulating the observed tendencies but also of simulating absolute marsh sedimentation with good accuracy. 
The problem with this model is that they did not consider the lateral erosion of the marshes and that field data of accumulation rates vary strongly in space and time. Often detailed input data on incoming sediment concentrations is often not available, but if the model parameters are estimated using proxy data, the observed variations in sediment rates can be simulated very well (Temmerman et al. 2004, 2006).
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Figure 5. Simulation of marsh accumulation along the Scheldt estuary for the next 100 years under different scenarios of mean high water level (MHWL) rise and suspended sediment concentrations (SSC): (A) extrapolation of the current rate of MHWL rise, (B) 1.5 times the current rate of MHWL rise. 
SLAMM simulation.
SLAMM (Sea Level Affect Marshes Model) integrates elevation submergence and wave action erosion while looking at the salinity algorithm. Using a SLAMM is a way to have a closer look at the different types of tidal marshes (salt, brackish and fresh water) and their individual delivery of ecosystem services. It simulates the dominant processes involved in wetland conversions and shoreline modifications during long term sea-level rise. 
The predictions for the Georgia coast in the US are that with an increase of 52 cm in sea level, there will be a decline in tidal marsh area and delivery of ecosystem services. For that particular river system, the model predicts a large decline in tidal freshwater marsh and swamp, a smaller decline of salt marshes and a small increase in brackish marsh habitat. This result highlights an unappreciated value of brackish marshes: because they support high levels of ecosystem services and do not decline as much as other tidal marsh types, they may buffer some of the negative impacts of sea-level rise. This detailed information is useful when management plans are depending on the levels of ecosystem services of the different tidal marshes. The model does have its weaknesses: the model lacks feedback mechanisms that may play a role as sea-level rise accelerates and there are limitations associated with the data input in SLAMM (Craft, 2008).
OIMAS-A and OIMAS-N
These two models are an effort to understand both the influence of organic deposition on the interpretation of dating methods and also to examine the relative balance and feedbacks between organic vs. inorganic sedimentation on salt marshes. The Organic-Inorganic Marsh Accretion and Stratigraphy – Analytical model is used to examine the bias introduced by organic processes into proxy records of 137Cs and 210Pb (figure 6). The Numerical model includes sediment compaction, depth dependent root growth and plant growth/mortality in its predictions (figure 7).
They find that carbon accumulation is nonlinearly related to both the supply of inorganic sediment and the rate of sea-level rise; carbon accumulation increases with sea-level rise until sea-level rise reaches a critical rate that drowns the marsh vegetation and stops carbon accumulation. Carbon accumulations on marshes that are sediment poor are more sensitive to changes in sediment supply than sediment-rich marshes. Thus anthropogenic disturbance to sediment supplies in sediment poor marshes could dramatically change carbon accumulation rates. 
The strength of this model lies within the feedback between biomass production, sedimentation and sea-level rise first outlined by Morris et al. (In Mudd et al., 2009) coupled with an explicit representation of belowground processes. It allows us to predict sediment characteristics as a function of depth on a salt marsh. Another aspect is that erosion by storms can be simulated as well. The downside is that simulations of vegetation effects were done with Spartina alterniflora and it can be possible that other species in other locations behave differently (Mudd, 2009). 
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Figure 6. OIMAS-A. The ratio between the accretion rate estimated by 210Pb (Sed210) and by 137Cs (Sed137) as a function of the fraction of the deep sediments that are refractory carbon.
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Figure 7. OIMAS-N. Effect of depth-dependent decay on the amount of labile carbon stored in the sediment column as a function of suspended sediment concentration. Solid lines are for marsh columns with no depth-dependent decay, dotted lines are for marshes with depth-dependent decay.

Boolean Network Approach
This model uses a set of variables to represent the different elements of the estuarine system, their inter-relationships and the external forcing. Their analysis shows that if the estuary has an abundant influx of external sediment on a continuous basis, then the estuary is able to maintain its geomorphology and reach a stable state.
This approach provides qualitative insights into the behavior of estuary systems, without the need for a detailed and quantative specification of linkages between the various components of the system. It takes feedback loops into account, which makes the predictions more plausible (figure 8). This approach is considered as a first step towards understanding complex problems. It represents an extreme simplification of an estuarine system because it provides neither time scales nor sediment quantities nor any sense of geographical position of the elements in an estuarine. Additional, it only takes two inflow scenarios into account: deficient and abundant. This is not realistic.
Another prediction that was made in this study was that moderate human interference in the form of dredging does not have a significant impact on the overall geomorphology of estuaries in the long term (Reeve & Karunarathna, 2009).
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Figure 8. A Boolean network for a drowned coastal plain estuary at sea-level rise, (a) refers to deficient and (b) to abundant sediment inflow scenarios (Reeve & Karunarathna, 2009). 
A deficient sediment inflow scenario predicts that the (external) wave forcing will be distributed across the shallow and wide estuary, thereby reducing the intensity of the forcing. At the same time, full or partial submergence or fragmentation of the delta and the barrier beach, resulting from rising sea levels, would allow stronger tidal currents and large waves to penetrate into the lower regions of the estuary.
An abundant sediment inflow scenario shows that the tides and waves carry sediment into intertidal flats, marshes and barrier beaches. Therefore, the feedback is positive (Reeve & Karunarathna, 2009). This model relies on organic sedimentation flows.
The perfect model to predict the future of salt marshes, taking all different factors into account like geomorphology, flooding regime, water sediment loads, soil characteristics and vegetation type would be a combination of the models described above.
So after looking at the different predictions and conclusions from these models, what would actually be the consequence of salt-marsh loss? What concrete impact might it have for the vegetation and geomorphology? 
3. Effects of salt-marsh loss and deterioration
When sediment accretion stops, the marsh is unable to grow and this will lead to a loss of salt-marsh area. There are many ways in which the salt marsh can deteriorate and there are ways to recognize the start of this deterioration. Cliff formation by sea-edge erosion is one of the first steps in salt-marsh loss and a changing vegetation structure is an indication of deterioration.
3.1 Cliff formation/erosion

It seems that the potential loss of salt-marsh area through erosion form the seaward edge does not depend on the sedimentation processes on the salt marsh itself, but on that in the pioneer zones in front of the marsh (Dijkema et al., 1988; Boorman et al. in Bakker et al., 1993). Sea-edge erosion may be expected for more than half of the man-made salt marshes. It will result in large scale cliff formation when the sedimentation deficit in the pioneer zone does not stop (Bakker et al., 1993).
This prediction is shared by Dijkema (2007). As long as salt marshes expand horizontally, there will be a steady transition in elevation from pioneer zone to marsh. But when the accretion stops, a cliff will form. Cliff formation is a natural process, caused by an elevation difference in the marsh area and the pioneer zone. Cliff erosion can only be prevented when the marsh accretion will continue forever, which is not possible. Cliff erosion is part of the ideal picture of cyclic succession, where old salt marshes diverge and in front of the cliff a new salt marsh arises. The new salt marsh will possibly form a cliff as well after some time and then the whole cycle starts over again (Dijkema, 2007).
Long-term beach erosion may increase due to accelerated sea-level rise and may eventually lead to the deterioration of barrier chains such as those along the U.S. East and Gulf coasts (Williams et al. in FitzGerald et al., 2008), Friesian Islands in the North Sea, and the Algarve coast in southern Portugal. Barriers protect highly productive and ecologically sensitive back barrier wetlands as well as the adjacent mainland coast from direct storm impacts and erosion (FitzGerald et al., 2008).
3.2 Vegetation
At the same time, declining area of salt marsh may lead to a change in flora and fauna due to reduced shoreline protection (Zimmerman et al. in Craft et al., 2008). 
The projected changes on a salt marsh that is deteriorating due to different circumstances has been termed the ‘distress syndrome’ (Rapport and Whitford in Erwin, 2009), indicated by reduced biodiversity, altered primary and secondary productivity, reduced nutrient cycling, increased prevalence of diseases, increased dominance of invaders and a predominance of shorter-lived opportunistic species (Erwin, 2009).
The first signs of a deteriorating marsh will become apparent when the vegetation composition changes to more salt tolerant species. (Warren & Niering in v. Wijnen & Bakker, 1993). Meanwhile Bakker et al. (1993) predict that an increase in sea-level rise will probably not affect mainland salt marshes by regressive succession, which means that the plant communities of higher salt marsh will be replaced by communities of the lower marsh zone. Sea-level rise has probably speeded up succession due to an increased rate of sedimentation (Olff et al., 1997).
The way that these plant communities respond can depend on the location that they are at. The mainland salt marshes are different form the island salt marshes. In the Netherlands we have two main areas with salt marshes: The Wadden Sea and the Delta area in Zealand. 

4. Comparing salt marsh areas in the Netherlands
There are quite some differences between salt marshes in the Netherlands. Not only do they differ in the degree of naturalness, but the main difference is the type of marsh soil. Back-barrier islands, like the Wadden Islands, have natural sandy marshes with a thin layer of clay. While the mainland marshes in the Wadden Sea are artificial sedimentation fields, consisting mainly out of clay.  The salt-marsh type with clay, which is found along the main land shore, would not exist anymore in the Wadden Sea if it wasn’t for the man-made embankments. In Zealand, however, these clay marshes are natural. However, these clay salt marshes have declined in Zealand as well, due to the Deltawerken. This decline has also had an effect on the pioneer zone with Salicornia species. The main land shore of the Wadden Sea is now the most important area for these types of salt-marsh pioneer zones (Dijkema, 2007).
Another difference is that the tidal marshes in Zealand are situated along on estuary. More inland the salt marsh becomes brackish, and the brackish marsh becomes a fresh water marsh. Comparing this with the salt marshes in the Wadden Sea, there are more different types of tidal marshes in Zealand which can lead to more biodiversity on tidal marshes in Zealand (figure 9).
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Figure 9. Map of the different marshes along an estuary in Zealand (Temmerman, 2006).
The young salt marshes in the Zeeschelde will reach an accretion versus sea-level rise equilibrium faster than the marshes in the Westerschelde, due to the higher sediment concentration in the Zeeschelde (Temmerman, 2006). This result predicts that with long-term sea-level rise, the Zeeschelde marshes will be faster adapted to a higher sea-level, which will hopefully result in the survival of the salt marsh. 
Bakker et al. (1993), claim that sedimentation on mainland salt marshes (like in Zealand) can compensate for the expected sea-level rise, but that this is not the case for island salt marshes such as in the Wadden Sea when the relative sea-level rise is more than 0.5-1.0 cm/year. If this rise would happen over the next few decades, the salt marshes in Zealand will be better of than those in the Wadden Sea.
The recent erosion of salt marshes in the Wadden Sea area might be caused by the increase in mean high tide level from 1960 to 1986. The higher flooding frequency will probably result in cliff formation along the salt marshes (Dijkema et al., 1990). But estuarine salt marshes in Zealand are eroding as well. The high rates of cliff erosion in the eastern part of the Westerschelde have been related to increased tidal stream velocities caused by intensive dredging. This is not the reason for erosion of salt marshes in the Wadden Sea (Bakker et al., 1993).
Valiela & Teal (In Bakker et al., 1993) expected that relatively old salt marshes eventually reach a steady state in which the import and export of nitrogen is nearly balanced. The younger marshes like those in the Wadden Sea may act differently i.e. as a sink for nitrogen as a whole (Bakker et al., 1993). The salt marshes in Zealand are perhaps a step further in reaching the steady state and this might be seen in the vegetation structure.
5. Management of salt marshes in the framework on Natura 2000
A community may choose to restore a salt marsh for its ecosystem, economic and/or social values, or for other reasons (Marlin et al. in Erwin, 2009). Successful long term restoration and management of these systems will depend on how we choose to respond to the effects of climate change. In the early 1970s, the main obstacle confronting wetland restoration efforts was developing the science for successful wetland restoration projects. An important management strategy to ensure wetland sustainability is the prevention or reduction of additional stress that can reduce the ability of wetlands to respond to climate change. Maintaining hydrology, reducing pollution, controlling exotic vegetation, and protecting wetland biological diversity and integrity are important activities to maintain and improve the resiliency of wetland ecosystems so that they continue to provide important ecosystem services under changed climatic conditions (Kusler et al. and Ferrati et al. in Erwin, 2009). 

How we choose to respond does depend on human needs as well. One of the management strategies is to place seawalls. Seawalls protect the agricultural land, infrastructure, home and whatever is located behind the seawall from the sea. These seawalls also prevent salt marshes from naturally shifting with the level of the sea, and absorbing and dispersing the impacts of intense wave action. So instead of protecting the salt marshes, the rising sea level can particularly damage salt marshes when sea walls, prevent marsh vegetation from moving upward and inland. There are three adaptation strategies for society to consider: raising and reinforcing the seawalls, realigning the seawalls, or restoring embanked lands to natural salt marsh (Marlin et al. in Erwin, 2009). 

Erwin, 2008, made a list of global recommendations to provide some perspective toward a new direction for global wetland conservation.
1. Significantly reduce non-climate stressors on ecosystems
2. Protect coastal wetlands and accommodate sea-level change. 
3. Monitoring. To detect desirable and undesirable changes over time within reserve areas and adjacent ecosystems.

4. Quickly train restoration scientists and practitioners. 
5. Invasive species control efforts will be essential. 
6. Wetland restoration and management must incorporate known climatic oscillations.
7. We must develop a strategy for selecting and managing restoration areas appropriately.
8. We need to educate the public and private sectors to redefine the way that we now think of the protection, management and restoration of wetlands around the world (Erwin, 2009).
We can also focus on providing the right conditions for salt-marsh formation in order to protect the salt marshes. Soil aeration is a key factor in the initial stages of salt-marsh formation, which is the pioneer zone and the lower salt marsh, so this is an important factor in the restoration of marsh areas. Extensive grazing is the predominant management regime in the Netherlands. Grazing facilitates the establishment of more species by creating more open spaces and will overall benefit the biodiversity on the salt marsh (figure 10). However, the species-richness on a grazed lower salt marsh is very low, because of the complete destruction of the topsoil by heavy grazing (Bakker, 1989). 
So the age of the soil determines the grazing regime. Very old salt marshes with climax vegetation benefit the most from grazing.


After a conference on salt-marsh management in the Wadden Sea area, a number of recommendations were done. These are more specific for salt marshes.
1. Land reclamation activities should not be carried out in areas where natural sedimentation is taking place, considering the fact that erosion and sedimentation are natural processes. 
2. Protection measures for existing salt marshes should be applied in a differentiated and specific manner.
3. Drainage should be based on natural processes and not on man-made technical means.

4. Vegetation management by grazing is to be preferred and should be performed on large areas.

5. The vegetation pattern should include areas with short vegetation cover (grazed) and areas with long vegetation cover (un- or very lightly grazed) (Bakker et al., 1993).
The goal in Natura 2000 is “maintain surface and improve quality” for the salt marshes in the Netherlands. Seen on a national scale, the state of preservation is ‘moderate adverse’. This is because of the decrease in salt pioneer vegetation growth in the Delta area in Zealand. The quality of the salt marshes can be improved by more restoring or maintaining variation in elevational zones, geomorphologic shapes and management forms. Besides keeping an eye on the salt-marsh surface, monitoring of the quality of vegetation takes place. Due to sedimentation, salt marshes elevate, and the vegetation changes as well through succession. The vegetation will eventually develop into a climax-stadium. This final stage will cause the biodiversity to decrease rapidly and finally there will be an old salt marsh dominated by Elytrigia atherica (this is the case on Wadden Sea salt marshes). At this point it would be best to add herbivores to graze the salt marsh.  
Ditching will speed up the process of ageing, grazing will slow down the process and postpone the climax-vegetation state. Intensive grazing can keep a salt marsh in a young stage, but with few plant species. Sedimentation will not stop because of grazing, so when the grazing is stopped, the ageing of the marsh will return. The ideal situation would be cyclic succession, where accretion and erosion of the marshes would be in balance (Dijkema, 2007).
However, grazing considerably reduces the sedimentation rate, which is probably related to a lowering of the height of the vegetation, damage to the turf and reduction of litter production (Eisma, 1998).
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Figure 10. The position of syntaxes with respect to mean high water and the number of years it requires to change after the cessation or the resumption of heavy grazing (from Bakker, 1989, courtesy of Kluwer Academic Publishers).

6. Conclusions
It is now known that all salt marshes, even those along stable coasts, need a supply of inorganic sediment and/or organic matter to compensate for the general sea-level rise (Eisma, 1998). Because the exact sea-level rise and sedimentation concentration of the water differs along coasts, the future of salt marshes will have to be regarded at on a local scale. Even the salt marshes in the Netherlands differ from each other and it is therefore important to compare areas before creating a general management regime.  

6.1 Coastal barrier marshes and mainland marshes in the Netherlands
Coastal barriers marshes in the Wadden Sea do not have an accretion deficit, but they have an elevation deficit as a result of shrinkage of the sediment layer at increasing age of the marshes. In the long run, these marshes will probably degenerate (Van Wijnen & Bakker, 2000).
The sedimentation rate on young salt marshes is high due to the inundation frequency, height and time span. The higher the marsh elevation, the lower the inundation rate will become, which brings the sedimentation rate to equilibrium. Older salt marshes will have a marsh elevation rate relative to mean sea level (Temmerman 2004, 2006).
Another conclusion is that long-term sediment accumulation in tidal marshes is determined by a combined influence of mean high tide (or sea) level rise and suspended sediment concentrations (Temmerman, 2004).
The present sedimentation rate on mainland salt marshes along the coast of the Netherlands is high enough to compensate for a future relative sea-level rise of 1-2 cm/year, which is more than the expected global sea-level rise. At a long term sedimentation deficit in the marsh zone as a result of the sea-level rise, the survival of the salt marsh depends on the response of the vegetation to the increase in frequency and duration of flooding (Bakker, 1993).

6.2 Vegetation and Grazing
Salt-marsh vegetation strongly influences the accumulation of sediment. During the first stages of development of a salt marsh, the aeration and stability of the sediment (soil) are essential for plant growth. The duration of inundation strongly influences the species composition of the marsh vegetation and also the plant growth in general (usually negative) and sediment deposition (usually positive) (Eisma 1998).

Grazing has a large influence on the sedimentation rate (Eisma, 1998). It mostly benefits old salt marshes by keeping the vegetation away from the climax state without much biodiversity. However, when the vegetation is very short, due to grazing, it will not retain much sediment, so it has a negative influence on sedimentation rate. This has to be taken into account when developing management strategies for salt marshes.

6.3 Human interference

Results from Mudd, (2009) imply that altering sediment supply to estuaries (like altering littoral sediment transport) could lead to significant changes in the carbon budgets of coastal salt marshes. This does not match with the analysis made by Reeve & Karunarathna (2009) that suggest that moderate human interference in the form of dredging does not have a significant impact in the overall geomorphology of estuaries in the long term.
6.4 Salt marshes with organic sediment
To maintain accretion that keeps pace with sea-level rise, the preservation of organic material in the marsh column, through the increased deposition of refractory carbon, must compensate the reduction in inorganic sedimentation as one moves away from the marsh creek (Mudd, 2009). However, this is more important in the US, where salt marshes have more organic material than salt marshes in the Netherlands. 
Rising sea level not only inundates low-lying coastal regions but also contributes to the redistribution of sediment along sandy coasts. Over the long term, sea-level rise causes barrier islands to migrate landward while conserving mass through offshore and onshore sediment transport. Under these conditions, coastal systems adjust to sea-level rise dynamically while maintaining a characteristic geometry that is unique to a particular coast (FitzGerald, 2008).

So how will sea-level rise affect coastal habitats such as salt marshes in the long term? There are many things to take into account when answering this question. Mainland salt marshes will be better off in the future than coastal barrier marshes, due to the different composition of their soil. And marshes with few or no inorganic sediment have a better future than marshes with organic sediment, like the marshes in the US. So the main perspective for the future of the salt marshes in the Netherlands is bright. The salt marshes will probably be able to keep up with the current sea-level rise, but maybe will degenerate in the long run due to establishment of seawalls which prevent them from moving naturally.
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